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COMPLETE SPECMCATEON 
Gounterbalaiice for Sii^e Cylinder Engines and Similar Madiines 



Wb, Briggs & Stratton Corporation, of 
2711 N. 13th Street, Milwaukee, Wisconsin, 
United States of America, a corporation 
organized and existing under the laws of the 

5 State of Delaware, United States of America, 
do hereby declare the invention for which 
we pray that a patent may be granted to ns, 
and the method by which it is to be 
performed to be particularly described in 

10 and by the following statement : — 

This invention relates to reciprocating 
piston machines of the general type that 
comprises a cylinder in which a piston is 
reciprocable, a crankshaft rotatable in a 

15 crankcase, and a oonnectmg rod connecting 
the piston with the crankshaft, and the 
invention is concerned more particularly 
with machines of this type havinjg means for 
offsetting the unbalanced dynamic forces 

20 produced during normal operation of the 
machine in order to reduce vibration of the 
machine to a very low level. The invention 
is particularly applicable to single-cylinder 
engines such as are widely used for powering 

25 lawn mowers, sump pumps, portable 
generators and the like, but the mvention 
IS equally_ applicable to machines of the 
above described type other than internal 
combustion engines, for example a 

30 reciprocating compressor or pump. 

Single-cylinder engines have long pre« 
sented an annoying problem that was most 
acute when such engines were used on 
tractors, mowing machines, scooters and the 

35 like, operated by a person riding on the 
machine. In such installations the engine 
produced a vibration that was transmitted 
through the machine to the operator, being 
manifested at the seat, the foot rests and 

40 the steering means. While not intolerable 
for relatively short periods of operation, 
such vibration ms always uncomfortable 
and could produce severe driver fatique in 
ppdce 4s. 6d J 



cases of continuous operation over an 
extended period of time. 45 

Even in an installation where there can 
be no element of operator fatigue, engine 
vibration is usually undesirable because it 
causes maintenance problems and tends to 
reduce the useful life of the machine. 50 

The basic cause of vibration in a single- 
cylinder engine is piston reciprocation. The 
piston is started and stopped twice during 
each rotation of the crankshaft, an4 
reactions to the forces accelerating and 55 
decelerating the piston are imposed upon 
the engine body as vibration in directions 
parallel to the cylinder axis. 

To some extent such vibrations can be 
decreased by providing the engine with a 60 
counterweight jixed on its crankshaft, 
located at the side of the crankshaft axis 
opposite the crankpin by which the con- 
necting rod is connected to the crankshaft. 
Such a counterweight produces a net 65 
resultant centrifugal, force vector that is 
diametrically opposite to the crankpin. The 
centrifugal force vector of the counterweight 
has a component parallel to the cylinder 
axis that varies as the crankshaft rotates and 70 
acts in opposition to the acceleration and 
deceleration forces on the assemblage 
comprising the piston, its wrist pin and the 
connecting rod. 

If the mass of the counterweight is great 75 
enough, this component can cancel the 
acceleration and deceleration forces on the 
piston assemblage. Such a force cancelling 
condition exists when the counterweight is 
of such mass and radius of gyration that its 80 
centrifugal force more than cancels the 
centrifugal forces due to the rotating masses 
of the crankpin and the big end of the 
connecting rod and is big enough so that 
it also offsets the acceleration and decelera- 85 
tion forces of the piston. Such counter" 



2 



1,141.189 



weighting can be designated a condition of The general object of this invention is to 
100 To overbalance. provide a means for so countei balancing the 

Unfortunately the centrifugal force due to piston-crankshaft assemblage of a single- 
the counterweight also has a component cylinder engine or other piston machine as 
5 transverse to ^e cylinder axis by which to reduce to a negligiUe amount vibration 70 
vibration is produced. As the mass of the in directions parallel to the cylinder axis» 
counterweight is increased, the vibration without producing any substantial vibratioA 
transverse to the cylinder axis also increases, component in directions perpendicular to 
becoming excessive for practical purposes the cylinder axis, and which counterbalanc- 
10 when the condition of 100% overbalance is ing means comports to a very satisfactory 75 
approached. For this reason most single extent with all of the desiderats just 
cylinder engines incorporate cranlcshaft mentioned. 

counterwei^ts having a mass that provides A further and more specific but very 
a condition of about 50% overbalance, so important object of this invention is to 
15 that the centrifugal force due to the provide a counterbalancing means of the 80 
counterweight has a component along the character described which is mainly confined 
cylinder axis that is equal to about 50% to motion in directions substantially parallel 
of the acceleration forces ' on the piston to the cylinder axis, and which therefore has 
assemblage. This represents a compromise negligible tendency to produce vibration 
20 between the severe vibration in directions forces in directions perpendicular to that 85 
parallel to the cylinder axis that -would axis, but wherein all coimections between 
obtain with a condition of no overbalance moving parts are pivotal connections that 
and the severe vibration transverse to the are easily lubricated and relatively trouble 
cylinder axis that would obtain with a free, with no slidably guided elements in the 
25 condition of 100% overbalance. With the counterbalance that would require the 90 
compromise condition of about 50% over- maintenance of difficult manufacturing 
balance there is of course some vibration tolerances and could, in operation, bind, 
parallel to the cylinder axis and some wear unevenly, be noisy, or otherwise cause 
vibration transverse to it As compared to trouble. 
30 a crankshaft that is not overbalanced, the According to the invention there is 95 
condition of about 50% overbalance affords provided a machine having a body that 
a decrease in the forces producing vibration defines a crankcase and a cylinder, a piston 
parallel to the cylinder axis which is about axially recipricable in the cylinder, a 
equal to the increase in forces at right angles crankshaft mounted in the crankcase for 
35 to that axis. rotation on a fixed axis transverse to that 100 

Unsatisfactory as it is, the use of a of the cylinder and having a crankpin 
counterwtight that provides a condition of eccentrically offset from the crankshaft axis, 
about 50% overbalance is the nearest that a connecting rod connecting the piston with 
commercially available engines have come ihe crankpm, and counterbalancing means 
40 to vibration-free operation. for the moving parts of the machine, the 105 

Several schemes have been proposed for counterbalancing means comprising a mov- 
further reducing vibration producing forces able counterbalance mass at the side of the 
in a single-cylinder engme» but all of them crankshaft remote from the cylinder, a 
have been unpractical for one reason or journal on the crankshaft having its axis 
45 another and therefore none of them has ever eccentric to that of the crankshaft and at 110 
come into widespread use. Examples of the side of the crankshaft axis opposite the 
such previously disclosed expedients can be crankpin, means connecting said counter- 
found in the following United States patents: balance mass with said journal, and link 
Barth et al. No. 3,203,274; Berlyn, No. means connecting the counterbalance mass 
50 3,112.658 ; and Ljungsuom, No. 2,^^5.160. with a fixed part on the body and extending 115 
In order to be feasible, any expedient for generally transversely to the cylinder axis so 
reducing vibration in lie single-cylinder as to constrain said counterbalance mass to 
engines with which this invention is con- crankshaft imparted motion in directions 
cerned must be shnple and inexpensive, and, substantially parallel to the cylinder axis. 
55 in particular, must not require that difficult The moving masses of the coimter- 120 
tolerances be held during manufacture of the balancing means are preferably arranged 
engine ; must be automatically lubricated if symmetrically with respect to the cylinder 
it has moving parts, without interfering with axis so that the inertia forces of these masses 
normal engine lubrication ; and must produce no couple that -would cause 
60 obviously be reliable and trouble free. It vibration. 125 
is also highly desirable that any such The accompanying drawmgs illustrate 
v.*b-a^ion reducing expedient be adaptable to two complete examples of the physical 
incorporation in previously existing engine embodiment of the invention constructed 
designs without requiring major modifica- according to the best modes so far devised 
65 tions thereof. for the practical applicatiOB of the principles 130 
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thereof, and in which: 

Figure 1 is a view in side elevation of a 
vertical cylinder engine incorporating the 
counterbalance of this invention ; 
3 Figure 2 is a view generally similar to 
Figure 1 but illustrating the invention 
incorporated in a horizontal cylinder engine; 

Figure 3 is a view on a larger scale of the 
engine illustrated in Figure 1, partly in side 
10 elevation but with the side wall of its 
cxankcase broken away to show the counter- 
balance of this invention in its relation to 
other moving engine parts ; 

Figure 4 is a fragmentary perspective 
15 view on a still larger scale illustrating the 
counterbalance in its relation to its adjacent 
portions of the crankshaft and connecting 
xod ; 

Figure 5 is a disassembled perspective 
20 view of a modified embodiment of the 
counterbalance of this invention ; 

Figure 6 is a view in front elevation of 
the counterbalance shown in Figure 5 ; 

Figure 7 is a view in side elevation of the 
25 counterbalance shown in Figures 5 and 6 ; 

Figure 8 is a fragmentary sectional view 
taken on the plane of the line 8-8 in Figure 
7; and 

Figures 9 through 12 are diagrammatic 
30 views showing the relative positions of the 
counterbalances at the limits of piston 
motion. 

Referring now to the accompanying 
drawings, the numeral 5 designates generally 

35 a single-cylinder engine having a body 6 
that defines a cylinder 7 in which a piston 
8 is reciprocable and a crankcase 9 in which 
a crankshaft 10 is rotatable. The piston 8 
is of course connected with the crankshaft 

40 10 by means of a connectmg rod 11. 

For purposes of illustration the engine is 
here shown as being of the four-cycle type, 
with valves (not shown) that are actuated 
in timed relation to piston reciprocation by 

45 means of a camshaft 13 having cams 14 
thereon and which is driven from the 
crankshaft 10 by means of meshing timing 
gears 15 and 16 that are respectively iixed 
on the crankshaft and camshaft It will be 

50 understood, however, that the invention is 
equally applicable to two-cycle engines. 

The crankshaft 10 of the engine has 
coaxial journal portions 17 that are 
rotatably received in opposite end walls of 

55 the crankcase. The crankshaft also comprises 
a pair of crank arms 18, each extending 
transversely to the axially inner end of a 
journal portion 17, and the two arms 18 
are conrected by a crankpin 19 that is <^et 

60 with respect to the crankshaft axis and 
parallel thereto. One end of the connecting 
rod 11 is journaled on the crankpin 19, and 
its other end is connected to the piston by 
means of a wrist pin 20. 

65 The crank arms 18 extend diametrically 



across the crankshaft axis to the side thereof 
opposite the crankpin, where each is formed 
with an enlargement or mass that provides 
a counterweight 21. The two counter- 
weights are of course equal in mass and 70 
moment, and they are likewise symmetrically 
disposed with respect to the cylinder axis. 
The mass and moment of these counter- 
weights is such that they counterbalance the 
crank^pin and the big end of the connectmg 75 
rod, out do not substantially overbalance * 
that rotating assemblage. Dynamic balance 
that offsets the acceleration and deceleration 
forces of the piston- is mainly provided by 
the counterbalance means 22 now to be 80 
described. 

The counterbalance means comprises, in 
general, a U-shaped element 23 and a link 
24 that is connected between the bight 
portion 25 of the U-shaped counterbalance 85 
element and a wall of the crankcase. 
The arms 26 of the U-shaped element are 
journaled on eccentric journal portions 27 on 
the crankshaft that are axially outwardly 
adjacent to the crank arms and have their 90- 
coinciding axes spaced to the opposite side 
of the crankshaft axis from the crankpin. 
The axis of these eccentric journal portions 
is at a smaller distance from the crankshaft 
axis than the crankpin 19, so that as the 95 
crankshaft rotates the upper ends of the 
arms 26 of the counterbalance element 
describe an orbit substantially smaller than 
that of the big end of the connecting rod. 

The Imk 24 confines the counterbalance lOa 
element to an orientation witfii its bight 
portion 25 at the side of the crankshaft axis 
opposite the cylinder, and also constrams 
the bight poition to motion substantially 
parallel to the cylinder axis. At one end the 105 
link is pivotally connected witti a pin 28 
that bridges the arms of the counterbalance 
near its bight portion, A boss 29 on an end 
wall of the crankcase supports a pin 30 cm 
which the other end <^ the link is pivoted. HO 
Note that provision of the boss 29 is the only 
modification that need be made in the body 
of a heretofore conventional engine in order 
to adapt it for incorporation of the counter- 
balance means of this invention. 115 

The link is so arranged that its longi- 
tudinal centerline intersects the cylinder axis 
so that the moving mass of the Imk is 
symmetrical to that axis. 

It will be observed that the phis 28 and 120 
30 to which the Imk is connected have their 
axes parallel to that of the crankshaft and 
in a plane substantially normal to the 
cylinder axis. Although the link pin 28 on 
the counterbalance swings in an arc about 125 
the axis of the fixed link pin 30, the effective 
length of the link is several times the throw 
of the eccentric journal portions 27 of the 
crankshaft by which the counterbalance is 
actuated, and therefore the aicnate motion 130 
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of the bight portion 15 of the counterbalance to safety ihem against rotation, A hushing 
has cnly a very small coffiponent transverse 35 on one of the bolts 132 comprises the pin 
to the cylinder axis. 28 to which the link 24 is connected. A 

The end portions of the counterbalance recess 36 in the base portion of each 
5 arms that are carried on the eccentric jouinal counterbalance member defines a groove 136 7(? 
portions 27 move orbitaliy, and must there- in the assembled counterbalance across 
fore be considered as part of a system that which the pin 28 extends arid in whichf the 
also includes the rotating counterweights 21 swinging end of the link 24 is received, 
on tlie crankshaft for counterbalancing the Because the link swings through only a 

10 rotating mass system that comprises the small arc, and the forces on the link ^ins 28 75 
crankpin and the big end of the connecting and 30 are small, those pins are subjected to 
rod. However, the moment arm of the arms little wear. Moreover they are assured of 
26 of the counterbalance is small because of adequate lubrication by reason of Uieir being 
their small orbit, and furthermore their mass at least partly within tlie icscrvoir of oil in 

15 is small as compared with tliat of the bight the engme crankcase under normal operat- 80 
portion of the counterbalance. Hence the ing conditions. 

counterbalance is effective to produce From the foregoing description taken with 
inertia forces which are almost exclusively the accompanymg drawings it will be 
parallel to the cylmder axis and which are apparent that this invention provides a 
20 180^ out of phase with piston moUon. counterbalance for a single cylind&x engine 85 
Consequently the inertia forces of the or other simUaf piston machine that is 
counterbalance are effective to cancel piston simple, inexpensive dependable, 'which sub- 
acceleration and deceleration forces without stantially cancels the acceleration and 
producing, any appreciable vibration trans- deceleration reaction forces of the piston 
25 veise to the cylinder axis. without producing significant vibrations 90 

It will also be observed that the counter- transm:se to the cylinder axis, and which is 
balance means 22 is symmetrical about a compnct enough so that it can bet accom- 
plane v/hich is on the cylinder axis and modated withm die crankcase of a 
normal to the axis of the crankshaft, and heretofore conventional engine body without 
30 therefore the inertia forces of the counter- requiring any but a very minor modification 95 
balance are substantially balanced about the thereof, 
cylinder axis so that they produce no WHAT WE CLAIM IS :~ 
vibration-causmg couple. 1. A machine having a body that defines 

The counterbalance of that embodiment a crankcase and a cylinder, a piston axially 
35 of the invention illustrated in Figures 1 reciprocable in the cylinder, a crankshaft 100 
through 4 is formed in three parts, namely mounted in the crankcase for rotation on a 
a pair of arm members 126r and a separate fixed axis transverse to that of the cylinder 
bight member 125 which is secured to the and having a crankpin eccentricalljf offset 
arm members by means of holis 32 extend- from the crankshaft axis, a connecting rod 
40 ing upwardly through the bight member and connecting the piston with the cramtpin, 105 
into threaded holes in the arm members, and counterbalancmg means for the moving 
This three-piece construction facilitates parts of the machine, the counterbalancing 
assembly of engines of certain types, but, means comprising a movable counterbalance 
other things being equal, a two piece mass at the side of the crankshaft remote 
45 counterbalance such as is illustrated in from the cylinder, a journal on the crank- ITO 
Figures 5-8 is preferred for reasons of shaft having its axis eccentric to that of the 
economy and shnplicity. crankshaft and at the side of the crankshaft 

The modified form of counterbalance axis opposite the crankpin, means connecting 
shown in Figures 5-8 comprises two said counterbalance mass with said journal, 
50 generally L-shaped members 123, each and link means connecting the counter- 115 
having an upwardly projecting stem portion balance mass with a fixed part on the body 
226 that comprises one arm 26 of the and extending generally transversely to the 
assembled counterbalance and a laterally cylinder axis so as to constrain said 
projecting base portion 225 that cooperates counterbalance mass to <^ankshaft imparted 
55 with the base portion on the other member motion in directions substantially parallel to 120 
to define die bight portion 25 of the the cylinder axis. 

counterbalance. The two members 123 are 2. The machhie of claim 1 further 
held in assembled relation by means of characterized by said link means comprising 
parallel bolts 132 which extend through a single rigid arm extending generally 

60 holes in their base portions that are parallel transversely to the crankshaft axis and 125 
lo the crankshaft axis, the bolt holes in one having one of its ends pivotally connoted to 
of the members bemg threaded. A readily the counterbalance mass and its other end 
deformable metal strip 34 through which pivotally connected to the crankcase. 
both bolts pass has its end portions bent 3. llie machine of claim 1 or 2 wherein 

€S against the non-ckcular beads.on die bolts the crankpin is flanked by a pair of crank 130 
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arms by which the crankpin is connected 
with the^ rest of the crankshaft, further 
characterized by : there being two of said 
journals, one axially outwardly adjacent to 
5 each crank arm ; and means connectbg the 
counterbalance mass with the journals 
comprising a pair of rigid arms, each 
connecting one of the journals with the 
counterbalance mass. 
10 4. The machine of claim 1 further 
characterized by a second counterbalance 
mass eccentrically fixed to the crankshaft at 
the side of the axis thereof opposite the 
crankpin. 

15 5. A machine of the type having a body 
that defines a crankcase and a cylinder, a 
piston axially reciprocable in the cylinder, a 
crankshaft mounted in the crankcase for 
rotation on a fixed axis transverse to that of 

20 the cylinder and having a crankpin 
eccentrically offset from the crankshaft axis, 
a connecting rod connecting the piston with 
the crankpin, and counterbalance means 
comprising a mass located at the side of 

25 the crankshaft opposite the piston and 
having a joumaled connection with an 
eccentric portion of the crankshaft to be 
actuated thereby, wherein said counter- 
balance means is characterized by: a 

30 substantially rigid link ; means pivotally 
connecting one end of said link with said 
mass at a location on the mass spaced from 



its connection with the crankshaft; and 
means pivotally connecting the other end of 
said link with a fixed part on the crankcase, 35 
said pivotal connection means having their 
axes parallel to that of the cranksh^t and 
in a plane substantially perpendicular to the 
axis of the cylinder so that the link confines 
said mass to substantially straigjht-line 40 
motion parallel to the cylinder axis. 

6. The machine of claim 5, further 
characterized by : the distance between the 
axes of said pivotal connection means being 
substantially greater than the diameter of 45 
the orbit of the axis of said eccentric portion 

of the crankshaft so that the mass has only 
a small component <rf motion transverse to 
the cylmder axis. 

7. The machine of claim 5 or 6, further 50 
characterized by: said mass and said link 
being symmetrical with respect to a plane 
on £he cylinder axis and normal to the 
crankshaft axis so that inertia forces 
produced by the mass and the link produce 55 
no vibration-causing couple. 

8. A single-cylinder internal combiistion 
engine substantially as hereinbefore 
described with reference to any of the 
accompanying drawings. 60 

MATHYS & SQUIRE, 
Chartered Patent Agents, 
10, Fleet Street, London, E.C.4., 
Agent's for the Applicants. 
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